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Development of LED Persistent of Vision Display (Furifuri-LED) for Education 
Kiyoteru Hayama1,*, Mitsuhiro Yamasaki2 
 
Hobby electronics is a good opportunity to learn electronics engineering. In this study, the 8-bit Persistent Of Vision (POV) 
display named Furifuri-LED is developed for educational material. Another POV display with different configuration are also 
developed. The POV display is utilized for the subject of our open campus, public lecture etc.  
 
࣮࣮࢟࣡ࢻ㸸LEDࣂ࣮ࢧࣛ࢖ࢺ㸪POV㸪AVR࣐࢖ࢥࣥ, ATmega328P 
.H\ZRUGV㸸POV display, Persistent Of Vision, AVR, microcontroller, ATmega328P 
 
㸯㸬ࡣࡌࡵ࡟
㟁Ꮚᕤసࡣ㟁Ꮚ᝟ሗ⣔ࡢᢏ⾡ࢆ㌟㏆࡟ឤࡌ࡚ࡶࡽ࠼ࡿᶵ
఍࡛࠶ࡾࠊᮏᰯࡢ࣮࢜ࣉࣥ࢟ࣕࣥࣃࢫࠊබ㛤ㅮᗙࠊฟ๓ᤵ
ᴗ࡛ࡶࡼࡃ⾜ࢃࢀ࡚࠸ࡿࠋᏳ౯࡛▷᫬㛫࡟ᕤస࡛ࡁᐇ⏝ⓗ
࡞㠃ⓑࡉࡶ࠶ࡿ㟁Ꮚᕤసࡢ㢟ᮦ࡜ࡋ࡚ගࡢṧീࢆ฼⏝ࡋ࡚
✵㛫࡟ᩥᏐࢆ⾲♧ࡍࡿ LED ࣂ࣮ࢧࣛ࢖ࢺ㸦ᾏእ࡛ࡣࠊ 
Persistent Of Vision, POV㸧ࡢ࢟ࢵࢺࢆ㛤Ⓨࡋࡓࠋᕷ㈍ࡢ LED
ࣂ࣮ࢧࣛ࢖ࢺࡣࠊ࠶ࡽ࠿ࡌࡵᩥᏐิࡸⅬⅉࣃࢱ࣮ࣥࡀグ㘓
ࡉࢀ࡚࠸ࡿ࠿ࠊࡲࡓࡣ PCୖ࡛⦅㞟ࡋࡓᩥᏐิࢆ PC࡟᥋⥆
ࡋ࡚㌿㏦ࡍࡿࡶࡢࡀṤ࡝࡛࠶ࡿ(1)ࠋ㛤Ⓨࡋࡓ LED ࣂ࣮ࢧࣛ
࢖ࢺࡣࠊᩥᏐࣇ࢛ࣥࢺࢆෆⶶࡢࣉࣟࢢ࣒ࣛ㡿ᇦ࡟グ㘓ࡋ࡚
࠾ࡁࠊ࣮࣎ࢻୖ࡟ഛ࠼ࡽࢀࡓᢲࡋ࣎ࢱࣥࡢ᧯స࡟ࡼࡾ௵ព
ࡢᩥᏐิࢆධຊࡋグ㘓࡛ࡁࡿࡶࡢ࡛࠶ࡿࠋࡇࢀࢆᡃࠎࡣࠕࣇ
ࣜࣇࣜ LEDࠖ࡜࿨ྡࡋ࡚ࠊᐇ㝿࡟ฟ๓ᤵᴗ➼࡛ά⏝ࡋࡓ஦
౛ࡶሗ࿌ࡍࡿࠋ 
 
㸰㸬ࣇࣜࣇࣜ /(' ࡢ㛤Ⓨ
ᴫせ
ᅗ㸯ࡣ㛤Ⓨࡋࡓࣇࣜࣇࣜ LEDࡢᴫほ࡛࠶ࡿࠋᕥ࠿ࡽྑ࡟
᪩ࡃ᣺ࡿ࡜㧗㏿࡟Ⅼ⁛ࡋ࡚࠸ࡿ LED ࡢṧീ࡟ࡼࡾᩥᏐࡀ
ᾋ࠿ࡧୖࡀࡿࠋึᮇࡢᩥᏐิ࡜ࡋ࡚ධຊࡉࢀ࡚࠸ࡿࠕࡃࡲ
ࡶ࡜ࡇ࠺ࡏࢇࠖࢆ⾲♧ࡋࡓ౛ࢆᅗ㸰࡟♧ࡍࠋ௵ពࡢᩥᏐิ
ࢆ㸲ࡘࡢ࣎ࢱࣥࢆ౑ࡗ࡚ධຊ࡛ࡁࡿ㸦᭱኱ 25 ᩥᏐ㸧ࠋ༢ 3
ᆺ஝㟁ụ 2ᮏ࡛ືసྍ⬟࡛࠶ࡿࠋ 
 
ᅗ㸯 ࣇࣜࣇࣜ LEDࡢᴫほ 
 
ᅗ 2 ࢧࣥࣉࣝᩥᏐิࠕࡃࡲࡶ࡜ࡇ࠺ࡏࢇࠖࡢ⾲♧ 
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ᩍᮦ⏝ LEDࣂ࣮ࢧࣛ࢖ࢺ㸦ࣇࣜࣇࣜ LED㸧ࡢ㛤Ⓨ㸦ⴥᒣΎ㍤㸧 
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
ୗ࣎ࢱࣥ㸸࢔ࣝࣇ࢓࣋ࢵࢺ㡰࡟ᩥᏐࢆ㏦ࡿࠊ᭱ᚋ࡟✵ⓑࠊ
⃮Ⅼ࡞࡝ࠋ㛗ᢲࡋ࡛⮬ື㏦ࡾࠋ  
ྑ࣎ࢱࣥ㸸ḟࡢᩥᏐ࡬ࠊ⣙ 2⛊㛗ᢲࡋ࡛࣮ࣔࢻษ᭰࠼㸦ධ
ຊ࣮ࣔࢻ࡜⾲♧࣮ࣔࢻ㸧ࠋ 
ᕥ࣎ࢱࣥ㸸๓ࡢᩥᏐ࡬ࠊ⣙㸰⛊㛗ᢲࡋ࡛࣓ࣔࣜᾘཤࠊ᭦࡟
㸰⛊㛗ᢲࡋ࡛ࢹࣔ⾲♧ࠋ 
᧯సᡭ㡰ࢆ௨ୗ࡟グࡍࠋ 
1) ༢㸱㟁ụ㸰ᮏࢆ㟁ụࢣ࣮ࢫ࡟ධࢀࠊࢫ࢖ࢵࢳࢆᢞධࡍࡿࠋ  
ᕥ࣎ࢱࣥࢆ㛗ᢲࡋࡍࡿ࡜㸰⛊࡯࡝୍࡛ᗘⅬ⁛ࡢ௙᪉ࡀኚࢃ
ࡾࠊࡑࡢࡲࡲ᭦࡟㸰⛊࡯࡝ᢲࡋ⥆ࡅࡿ࡜ึᮇᩥᏐิࡀ⾲♧
ࡉࢀࡿࠋ࣮࣎ࢻࢆᕥ࠿ࡽྑ࡟᣺ࡿ࡜ࠕࡃࡲࡶ࡜ࡇ࠺ࡏࢇࠖ
࡜ᩥᏐࡀṧീ࡛⾲♧ࡉࢀࡿࠋ㏫࡟ࡩࡿ࡜ᩥᏐࡀࡦࡗࡃࡾ㏉
ࡗ࡚ぢ࠼ࡿࠋ 
2) ௵ពࡢᩥᏐิࢆධຊࡍࡿሙྜࠊࡲࡎᕥ࣎ࢱࣥࢆ㛗ᢲࡋࡋ
࡚࣓ࣔࣜࢆᾘཤࡍࡿࠋࡇࡢ≧ែ࡛࣮࣎ࢻࢆ᣺ࡿ࡜͆࠶͇ࡢ
ᩥᏐࡀ㐃⥆ࡋ࡚⾲♧ࡉࢀࡿࠋ 
3) ୖ࣎ࢱࣥࠊୗ࣎ࢱ࡛ࣥ⾲♧ࡋࡓ࠸ᩥᏐࢆ㑅ࡪࠋᩥᏐࡣᕥ
ྑ࡟ࡩࢀࡤṧീ࡛☜ㄆ࡛ࡁࡿࠋ 
4) ྑ࣎ࢱࣥࢆᢲࡍ࡜✵ⓑ࡟࡞ࡿࡢ࡛ḟ࡟⾲♧ࡋࡓ࠸ᩥᏐ
ࢆ㑅ࡪࠋྠᵝ࡟ྑ࣎ࢱࣥࢆᢲࡋ࡞ࡀࡽୖୗࡢ࣎ࢱ࡛ࣥᩥᏐ
ࢆ㑅ࢇ࡛࠸ࡃࠋ 
5) ྑ࣎ࢱࣥࠊᕥ࣎ࢱ࡛ࣥᩥᏐࢆ㏦ࡿࡇ࡜࡛ࠊධຊࡋࡓᩥᏐ
ิࡢ☜ㄆࡀ࡛ࡁࡿࠋಟṇࡋࡓ࠸᫬ࡣಟṇࡋࡓ࠸ᩥᏐࡀ⾲♧
ࡉࢀࡓ࡜ࡇࢁ࡛ୖୗࡢ࣎ࢱࣥࢆ౑ࡗ࡚ᩥᏐࢆ㑅ࡧ┤ࡏࡿࠋ 
6) ᩥᏐࡢ㑅ᢥࡀ⤊ࢃࡗࡓࡽྑ࣎ࢱࣥࢆ⣙ 2⛊㛗ᢲࡋࡍࡿࠋ
ࡍࡿ࡜⾲♧࣮ࣔࢻࡀษࡾ᭰ࢃࡾࠊධຊࡋࡓᩥᏐࡀᕥ࡟ὶࢀ
࡞ࡀࡽ⾲♧ࡉࢀࡿࠋ 
࡞࠾ࠊ⾲♧࣮ࣔࢻࢆษࡾ᭰࠼ࡓ࡜ࡁ࡟ᩥᏐิࡀ࣐࢖ࢥࣥࡢ
ෆ㒊࡟グ㘓ࡉࢀࡿࡢ࡛ࠊ㟁ụࢆᢤ࠸࡚ࡶ㸦㟁※ࢫ࢖ࢵࢳࢆ
ษࡗ࡚ࡶ㸧グ㘓ࡣಖᣢࡉࢀࡿࠋ෌ᗘ㟁※ࢆධࢀࡓ࡜ࡁࡣ⾲
♧࣮ࣔࢻ࡟࡞ࡗ࡚࠸ࡿࠋᩥᏐࢆ㑅ᢥࡋ࡞࠾ࡋࡓ࠸࡜ࡁࡣࠊ
ྑ࣎ࢱࣥࢆ㛗ᢲࡋࡋ࡚ධຊ࣮ࣔࢻ࡟ษࡾ᭰࠼ࡿ࠿ࠊᕥ࣎ࢱ
ࣥࢆ㛗ᢲࡋࡋ࡚࣓ࣔࣜࢆᾘཤࡍࡿࠋ 
 
ࣇࣜࣇࣜ /(' ࡢᅇ㊰
ࣇࣜࣇࣜ LED ࡢᅇ㊰ࢆᅗ 3 ࡟♧ࡍࠋAVR ࣐࢖ࢥࣥ
㸦ATmega328P, Microchip Technology♫(2)㸧ࡢࢹ࢕ࢪࢱࣝฟ
ຊ࡟タᐃࡉࢀࡓ࣏࣮ࢺ B ࡟ LED ࡀ 8 ಶ୪ิ࡟᥋⥆ࡉࢀ࡚
࠸ࡿࠋࡲࡓ᧯సࡣ࣐࢖ࢥࣥ࡬ࡢධຊ࣏࣮ࢺ C ࡢ PC0 ࠿ࡽ
PC3ࡢ 4ᮏ࡟᥋⥆ࡉࢀࡓࢫ࢖ࢵࢳ࡛⾜࠺ࠋ㟁Ꮚᕤస࢟ࢵࢺ
࡜ࡋ࡚ᥦ౪ࡍࡿሙྜࡣࣉࣟࢢ࣒ࣛ᭩ࡁ㎸ࡳ῭ࡳࡢ࣐࢖ࢥࣥ
ࢆ⏝ពࡋ࡚࠾ࡃࠋ〇సࢆᐜ᫆࡟ࡍࡿࡓࡵࠊ㒊ရⅬᩘࢆᑡ࡞
ࡃࡋࠊᑓ⏝ࡢᇶᯈࢆタィࡋእὀࡋࡓࠋ౑⏝㒊ရࡢ㓄⨨࡜㒊
ရྡࡀࢩࣝࢡ༳ๅࡉࢀ࡚࠾ࡾࠊ㒊ရ⾲㸦⾲㸯㸧࡜ᑐẚࡋ࡞
ࡀࡽ㒊ရࢆࣁࣥࢲ௜ࡅࡍࢀࡤࡼ࠸ࠋ㒊ရ౯᱁ࡢྜィࡣ 500
෇⛬ᗘ࡜࡞ࡗࡓࠋ 
 
⾲㸯 ࣇࣜࣇࣜ LEDࡢ㒊ရ⾲ 
ᴫほ 㒊ရྡ ಶᩘ ᴫほ 㒊ရྡ ಶᩘ 
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ࣇࣜࣇࣜ /(' ࡢࢯࣇࢺ࢙࢘࢔
ࣉࣟࢢ࣒ࣛࡢ㛤Ⓨ࡟ࡣࠊAVR ࡢⓎ኎ඖ࡛࠶ࡿ Microchip
♫ࡀ↓ൾ࡛ᥦ౪ࡋ࡚࠸ࡿ⤫ྜ㛤Ⓨ⎔ቃࡢ Atmel Studio 7(3)ࢆ
౑⏝ࡋࡓࠋ࣐࢖ࢥࣥࡢࣉࣟࢢ࣒ࣛ᭩ࡁ㎸ࡳ࡟ࡣMicrochip♫
ࡢ ISPࢶ࣮࡛ࣝ࠶ࡿ AVR-ISPMkIIࢆ౑⏝ࡋ࡚࠸ࡿࠋ 
ࢯࣇࢺ࢙࢘࢔ࡣࠊLED ࡟ࡼࡿṧീ⾲♧ࠊ࣮࢟ධຊฎ⌮ࠊ
࣮ࣔࢻ⟶⌮ࠊࣇ࢛ࣥࢺࡼࡾᵓᡂࡉࢀ࡚࠸ࡿࠋࣇ࢛ࣥࢺ࡟ࡘ
࠸࡚ࠊᑠᏛ⏕ᑐ㇟ࢆ᝿ᐃࡋ࡚ࡦࡽࡀ࡞ࣇ࢛ࣥࢺࢆ 88ࢻࢵ
ࢺ࡛ࠊ୰Ꮫ⏕௨ୖࡢᑐ㇟ࢆ᝿ᐃࡋ࡚࢔ࣝࣇ࢓࣋ࢵࢺཬࡧグ
ྕࢆ 85ࢻࢵࢺ࡛⊂⮬࡟సᡂࡋࡓࠋ 
ࣇ࢛ࣥࢺࡢసᡂࢆຠ⋡Ⰻࡃ⾜࠺ࡓࡵ࡟ࠊᅗ 4 ࡟♧ࡍࣇ࢛
ᅗ 3 ࣇࣜࣇࣜ LEDࡢᅇ㊰ 
 
ᅗ 4 88ࣇ࢛ࣥࢺ࢚ࢹ࢕ࢱ 
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ࣥࢺ࢚ࢹ࢕ࢱࢆ VisualBasic ࢆ⏝࠸ู࡚࡟㛤Ⓨࡋࡓࠋసᡂࡋ
ࡓࣇ࢛ࣥࢺࢹ࣮ࢱࡣࠊ࣊ࢵࢲࣇ࢓࢖ࣝ࡜ࡋ࡚฼⏝࡛ࡁࡿࢸ
࢟ࢫࢺࣇ࢓࢖ࣝ࡜ࡋ࡚ฟຊ࡛ࡁࡿࠋ  
 
㸬ࣇࣜࣇࣜ /(' ࡢά⏝஦౛
㛤Ⓨࡋࡓࣇࣜࣇࣜ LEDࢆά⏝ࡋ࡚ࡶࡽ࠼ࡿࡼ࠺࡟ A4∧
࡛ 2࣮࣌ࢪࡢ〇స࣭᧯స࣐ࢽࣗ࢔ࣝࢆ⏝ពࡋࡓࠋ〇స᫬㛫
ࡣࠊ༙⏣௜ࡅ⤒㦂⪅࡛ 15ศ⛬ᗘࠊᮍ⤒㦂⪅࡛ࡶ 30ศ⛬ᗘ
࠶ࢀࡤ᏶ᡂ࡛ࡁࡿࠋ 
ࣇࣜࣇࣜ LEDࡣᖹᡂ 30ᖺᗘᮎ࡟㛤Ⓨࢆ⾜࠸ࠊ௧࿴ඖᖺ
ᗘ࡟௨ୗࡢ 2௳ࡢά⏝஦౛ࡀ࠶ࡿࠋࡑࡢ⤖ᯝࠊᑠᏛᰯ㧗Ꮫ
ᖺ⛬ᗘ࠿ࡽ〇సࡣྍ⬟࡛࠶ࡗࡓࠋ᧯స᪉ἲࡶ࣐ࢽࣗ࢔ࣝࢆ
ㄞࡵࡤཷㅮᑐ㇟⪅ࡢ࡯࡜ࢇ࡝ࡀ⩦ᚓྍ⬟࡛࠶ࡗࡓࠋ 
1㸧㏆㞄୰Ꮫᰯ࡟࡚㛤ദࡋࡓฟ๓ᤵᴗ 
2) 㧗ᑓࣁ࢝ࢭሿ 2019㸦ᅗ 5㸧 
 
 
ᅗ 5 ࣇࣜࣇࣜ LEDࡢά⏝஦౛㸦㧗ᑓࣁ࢝ࢭሿ 2019㸧 
 
㸬㛤Ⓨࡋࡓࣇࣜࣇࣜ /(' ࡢࡑࡢ௚ࡢࣂ࢚࣮ࣜࢩࣙࣥ
 ࡇࢀࡲ࡛㏙࡭ࡓࣇࣜࣇࣜ LEDࡣ 8ࣅࢵࢺࡢ LED࡟ࡼࡾ
ᵓᡂࡉࢀࠊࡦࡽࡀ࡞ࠊ࢝ࢱ࢝ࢼࠊⱥᩘᏐࠊグྕࡢ⾲♧ࡣྍ
⬟࡛࠶ࡿࡀࠊ₎Ꮠࡢ⾲♧ࡀ㞴ࡋ࠸ࠋࡑࡇ࡛ࠊᅗ 6࡟♧ࡍ 16
ࣅࢵࢺ∧ࡢࣇࣜࣇࣜ LEDࡶタィࠊ〇సࡋ₎Ꮠ⾲♧ࡶྍ⬟࡜
࡞ࡗࡓࠋࣇ࢛ࣥࢺࢹ࣮ࢱసᡂࡢᨭ᥼࡜ࡋ࡚ 1616ࡢࣇ࢛ࣥ
ࢺ࢚ࢹ࢕ࢱࡶู࡟సᡂࡋ࡚࠾ࡾࠊⴭసᶒࣇ࣮ࣜࡢ₎Ꮠࣇ࢛
ࣥࢺ࠿ࡽᩥᏐࢹ࣮ࢱࢆࢲ࣮࢘ࣥࣟࢻᚋ࡟ࣇ࢛ࣥࢺࢆಟṇ࡛
ࡁࡿࡼ࠺࡟ࡋ࡚࠸ࡿࠋ 
 ࣇࣜࣇࣜ LED ࢆᩍᮦ࡜ࡋ࡚⏝࠸ࡓ᫬࡟ᮍ⤒㦂⪅࡟ࡣ༙
⏣௜ࡅࡣ㞴ࡋࡃࠊ༙⏣Ⅼᩘࡀከ࠸࡜〇స࡟ࡶ᫬㛫ࡀ࠿࠿ࡿ
ࡓࡵࠊ๓㏙ࡢࣇࣜࣇࣜ LED࡟⏝࠸ࡓ࣐࢖ࢥࣥࡼࡾᑠつᶍ࡞
AVR ࣐࢖ࢥࣥ㸦ATtiny2313㸧ࢆ⏝࠸࡚㟁ụ࣎ࢵࢡࢫ㸦༢ 3
2 ᮏ㸧ࡢࢧ࢖ࢬ࡟ᇶᯈࢧ࢖ࢬࢆ⦰ᑠࡋࡓࡶࡢࡶタィ࣭〇
సࡋࡓࠋධຊ࡛ࡁࡿᩥᏐᩘࡸ᧯సᛶ࡟ࡘ࠸࡚ࡢᶵ⬟ࡣ㝈ᐃ
ࡉࢀ࡚ࡋࡲ࠺ࡀࠊATmega328Pࢆ⏝࠸ࡓࣇࣜࣇࣜ LEDࡢ༙
⏣Ⅼᩘධຊࡀ 64 Ⅼ࡞ࡢ࡟ᑐࡋ࡚ࠊATtiny2313 ࢆ⏝࠸ࡓ≀
ࡣ༙⏣Ⅼᩘࡀ 48Ⅼ࡟๐ῶ࡛ࡁࠊ₇⩦᫬㛫ࡶ๐ῶ࡛ࡁࡿࠋ 
 
ᅗ 6 16ࣅࢵࢺ∧    ᅗ 7 㟁ụࢣ࣮ࢫࢧ࢖ࢬ 
 
㸬࠾ࢃࡾ࡟
㛤Ⓨࡋࡓࣇࣜࣇࣜ LEDࡢ࢟ࢵࢺࡣࠊᐇ㝿࡟ฟ๓ᤵᴗ➼࡛
ά⏝ࡋ࡚ዲホࢆᚓࡿࡇ࡜ࡀ࡛ࡁࡓࠋࣇࣜࣇࣜ LEDࡢᅇ㊰ࠊ
ࢯࣇࢺ࢙࢘࢔ࠊཬࡧࣇ࢛ࣥࢺసᡂ࢚ࢹ࢕ࢱࡣ◊✲ᐊࡢ࣮࣍
࣒࣮࣌ࢪ࡛බ㛤ࡋ࡚࠾ࡾ(4)ࠊ⏦ࡋฟࡀ࠶ࢀࡤ㟁Ꮚࢹ࣮ࢱࡢ
ᥦ౪ࡶྍ⬟࡛࠶ࡿࠋ᪤࡟ၥ࠸ྜࢃࡏ࡟ᛂࡌ࡚ࢯ࣮ࢫࣇ࢓࢖
ࣝࡢᥦ౪࡞࡝ࢆ⾜࡞ࡗ࡚࠾ࡾࠊ௒ᚋࡶᗈࡃᩍᮦ࡜ࡋ࡚฼⏝
ࡋ࡚㡬ࡅࢀࡤᖾ࠸࡛࠶ࡿࠋ 
 
㸦௧࿴ඖᖺ 9᭶ 25᪥ཷ௜㸧 
㸦௧࿴ඖᖺ 12᭶ 5᪥ཷ⌮㸧 
ཧ⪃ᩥ⊩
(1) https://www.i-tex.co.jp/basa_pamphlet.pdf (accessed Sept. 
22, 2019). 
(2) ATmega328P – 8-bit AVR Microcontrollers, https://www. 
microchip.com/wwwproducts/en/ATmega328P (accessed 
Sept. 22, 2019). 
(3) Atmel Studio | Microchip tecnmology,  https://www. 
microchip.com/mplab/avr-support/atmel-studio-7, 
(accessed Sept. 22, 2019).  
(4) https://cpu4edu.net/download/, (accessed Sept. 22, 2019). 
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